Volitional control of breathing often leads to excessive ventilation (hyperventilation) among untrained individuals, which disrupts CO 2 homeostasis and may elicit a set of undesirable symptoms. The present study investigated whether seven days of training without any antihyperventilation instructions improves CO 2 homeostasis during paced breathing at a frequency of 0.1 Hz (6 breaths/minute). Furthermore, the present study investigated the effects of training on breathing-related changes in affective state to examine the hypothesis that training improves the influence of slow paced breathing on affect. A total of 16 participants performed ten minutes of paced breathing every day for seven days. Partial pressure of end-tidal CO 2 (PetCO 2 ), symptoms of hyperventilation, affective state (before and after breathing), and pleasantness of the task were measured on the first, fourth, and seventh days of training. Results showed that the drop in PetCO 2 significantly decreased with training and none of the participants experienced a drop in PetCO 2 below 30 mmHg by day seven of training (except one participant who already had PetCO 2 below 30 mmHg during baseline), in comparison to 37.5% of participants on the first day. Paced breathing produced hyperventilation symptoms of mild intensity which did not decrease with training. This suggests that some participants still experienced a drop of PetCO 2 that was deep enough to produce noticeable symptoms. Affective state was shifted towards calmness and relaxation during the second and third laboratory measurements, but not during the first measurement. Additionally, the breathing task was perceived as more pleasant during subsequent laboratory measurements. The obtained results showed that training paced breathing at 0.1 Hz led to decrease in hyperventilation. Furthermore, the present study suggests that training paced breathing is necessary to make the task more pleasant and relaxing.
Introduction
In recent decades, slow paced breathing (most often around the 0.1 Hz frequency) has been widely studied as a method for improving cardiovascular health and decreasing affective arousal. Breathing at frequencies around 0.1 Hz is used in biofeedback-based methods aimed at increasing heart rate variability [1, 2, 3] . Research has shown promising results regarding PLOS ONE | https://doi.org/10.1371/journal.pone.0218550 June 20, 2019 1 / 14 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
The present study aimed to investigate how daily practice of breathing at 0.1 Hz for seven days influences arterial CO 2 homeostasis, hyperventilation symptoms, breathing-related changes in affective state, and the pleasantness of the task. No instructions aimed at influencing the depth of breathing were used in this study. The primary question was whether training decreases the tendency to hyperventilate. The secondary question was whether training slow paced breathing improves its effects on affective state. It was expected that, after training, hyperventilation and symptoms of hyperventilation would decrease and paced breathing would be perceived as more pleasurable and would decrease affective arousal more effectively than during the first performance of the task.
Method

Participants
A total of 16 participants were recruited via social media (8 men and 8 women). Participants were 19 to 29 years old (M = 22.37, SD = 3.32). Exclusion criteria based on self-report were chronic respiratory diseases (e.g. asthma), other chronic diseases (e.g. diabetes), cardiovascular diseases, psychiatric and neurological conditions, and any condition that may affect the ability to breathe through one's nose (e.g. allergy). Participants were debriefed about their health by the experimenter upon arrival at the laboratory. Furthermore, only participants who had not participated in any form of breathing training, such as yoga or singing classes with breathing exercises, were recruited. Participants were asked to refrain from drinking beverages with caffeine and smoking tobacco for four hours before laboratory measurements. Participants were paid the equivalent of 23 euros for participating in the study. Approval from the local ethics committee was obtained (the ethical committee of the University of Warsaw).
Apparatus and materials
Measurement of affective state was conducted with the use of the Polish translation of the Two-Dimensional Mood Scale [47] . This questionnaire is based on the two dimensional model of affect [48, 49] . Four measures of affective state were computed: arousal and valence, and vitality and stability. The latter two are the arousal and valence axes rotated by 45˚. The rotated axes are also known as pleasant and unpleasant arousal, and because these terms are more common they will be used in the rest of the text [50, 51] . Symptoms of hyperventilation were measured on a 0-6 Likert scale which ranged from 0 (not experiencing the symptom at all) to 6 (experiencing the symptom with maximal imaginable intensity). Symptoms of hyperventilation were drawn from the Nijmegen Questionnaire [52] and a study which measured hyperventilation symptoms [29] . The following hyperventilation symptoms were examined: dizziness, tingling and pricking, numbness, headache, and increased muscle tension in hands and feet. Means of pre-and post-task symptoms were computed for further analysis. Furthermore, participants were asked to rate how pleasant they found the task on a scale which ranged from 0-6 (from extremely unpleasant to extremely pleasant).
Respiratory rate and PetCO 2 were measured with a Capnocheck Sleep Capnograph 9004 (BCI). Before the experiment, the capnograph was calibrated with 5% CO 2 calibration gas. Data were transferred to a PC computer and the mean value of PetCO 2 and respiratory rate were computed in MATLAB (Release 7.1, TheMathWorks, Natick, MA).
Procedure
The study lasted seven days. Participants performed a ten-minute-long paced breathing task every day. Laboratory measurements of PetCO 2 were conducted on the first, fourth, and seventh days of practise. On the other days, participants used an online procedure. They logged-in using individual codes to access the experimental procedure. To ensure that the participants performed the task at home, the experimenter had access to the system and could examine who had logged in and when. Four participants skipped one day of training.
Laboratory measurements were conducted in a soundproof room with stable temperature. The experimenter sat in a separate room and monitored the experimental procedure and capnogram. The experimental procedure was automated and ran on OpenSesame 3.0.7 software [53] . The experiment begin with a six-minute resting period during which participants were asked to sit comfortably with opened eyes. The first minute was an adaptation period and the next five minutes were the baseline period which was used in analysis. Then, participants answered questions about current affective state (Two-Dimensional Mood Scale) and symptoms of hyperventilation. Next, participants breathed for ten minutes at a frequency of 0.1 Hz. Breathing was paced by an acoustic signal with different pitches for inhalation and exhalation and changing volume (it was loudest in the middle of each breathing phase). Furthermore, the words "inhale" and "exhale" were displayed on the screen. Inhalation lasted four seconds and exhalation lasted six seconds, a ratio that resembles the spontaneous ratio during breathing at 0.1 Hz when only the length of the whole breathing cycle is paced [54] . After the breathing task, participants once more answered the questions about affective state as well as questions about symptoms of hyperventilation; they also rated how pleasant they found the task. Home practice was done using the same audiovisual pacer. During home practice, participants were asked to sit down comfortably with opened eyes.
Statistical analysis
Statistical analyses were conducted in IBM SPSS Statistics for Windows (version 22.0, IBM Corp., Armonk, NY) with significance set at p < 0.05. ANOVAs for repeated measures were conducted to examine the effects of day of laboratory measurement (first x second x third laboratory session) and phase of the experiment (baseline x breathing at 0.1 Hz) on respiratory rate, PetCO 2 , hyperventilation symptoms, and scores on four dimensions of affective state. A repeated measures ANOVA was conducted to examine the effects of day of laboratory measurement (first x second x third laboratory session) on the pleasantness of the task. When the sphericity assumption was violated, Greenhouse-Geisser correction was used. Post-hoc analyses were conducted with Bonferroni correction. When the interactions in the ANOVAs were significant, paired sample t-tests were computed for differences between baseline and measurement during the breathing task for PetCO 2 and post-task measurements of self-reported variables. Linear regression was performed with changes in symptoms of hyperventilation between baseline and paced breathing as a dependent variable and PetCO 2 during paced breathing as predictor. Confidence intervals for the plots were calculated with the use of the data normalization procedure proposed by Morey [55] .
Results
Participants decreased respiratory rate between baseline and the paced breathing task, F (1, Changes in perceived pleasantness of paced breathing are presented in Fig 3. Post-hoc analysis showed that there was a significant difference between pleasantness during the first and third laboratory measurements, p < .01. The effects of the paced breathing task and the seven days of training on affect were investigated using repeated measures ANOVA. General arousal decreased after the paced breathing task in comparison to baseline measurement, F (1, 15 Table 2 . Training of paced breathing at 0.1 Hz improves CO 2 homeostasis and relaxation during a paced breathing task
Discussion
The present study investigated the effects of seven days of training paced breathing at 0.1 Hz on adequacy of ventilation during paced breathing and on symptoms of hyperventilation. Furthermore, the present study examined the influence of paced breathing training at 0.1 Hz on breathing-related changes in affective state and perceived pleasantness of the task. Results showed that the drop in PetCO 2 during paced breathing at 0.1 Hz was significantly reduced after seven days of training, which indicates improved respiratory homeostasis. A previous study by Vaschillo, Vaschillo, and Lehrer [2] reported cessation of hyperventilation after three days of training, but an anti-hyperventilation instruction was used in this study and the experimenter monitored PetCO 2 to inform participants when their PetCO 2 dropped too much. In contrast, the present study used no instruction aimed at altering the depth of breathing. There was a relatively large variation in changes in hyperventilation. For example, the participant who had the largest drop in PetCO 2 during the first laboratory session (a drop of 7.99 mmHg) still experienced decreases during the second (6.05 mmHg) and third laboratory measurements (7.80 mmHg). However, by the end of the training, the PetCO 2 of all participants stopped dropping below 30 mmHg, a commonly-used threshold for hyperventilation (except one participant who already had PetCO 2 below 30 mmHg during baseline; for data on how many participants experienced a drop in PetCO 2 below 30 mmHg, see Table 1 ). Thus, the obtained results indicate that training paced breathing at 0.1 Hz significantly reduces the tendency to hyperventilate even when no hyperventilation instruction is used. This finding is important for the use of paced breathing tasks in applied psychophysiology, especially for situations when it is employed without the guidance of a qualified breathing coach, for example in mobile apps which use slow paced breathing as an affect regulation method.
The decrease of hyperventilation observed in the present study may be an effect of increased automatization of the paced breathing task. As a consequence of practise, motor tasks become Training of paced breathing at 0.1 Hz improves CO 2 homeostasis and relaxation during a paced breathing task more automated, which involves changes in neural control and decreased attentional resources required to perform the task [56] . Gradual automatization of paced breathing tasks during training has been shown by Gallego and Perruchet [57] . In their study, eight days of training of paced breathing gradually decreased the attentional resources used to perform paced breathing. Presumably, partial automatization of paced breathing during training alters neural control of breathing, allowing an increase in the role of the CO 2 homeostatic mechanism in the control of breathing. The decrease of hyperventilation could be also the result of automatic optimization of breathing aimed at reducing respiratory work. Hyperventilation requires increased tidal volume, which already must be augmented during slow breathing. Therefore, hyperventilation is costly in terms of the elastic work of breathing [58] . It is thought that the minimization of respiratory work is one of the main factors regulating breathing [59, 60] . Therefore, training should lead to gradual optimization of breathing, which results in decreased hyperventilation. Participants reported a small increase in symptoms of hyperventilation during breathing at 0.1 Hz. In line with expectations, the results suggest that the intensity of symptoms was related to magnitude of hyperventilation. However, despite the decrease in the drop of PetCO 2 , the intensity of symptoms did not decrease significantly with training. This suggests that even after training some participants experienced large enough disruption of arterial CO 2 to produce noticeable symptoms. Despite the fact that reported hyperventilation symptoms can be considered minor in most participants, two participants reported increases of symptoms by 2.8 and 3.4 on a 7 point scale while experiencing a drop of PetCO 2 by 4.86 and 5.53 mmHg, respectively; several participants experienced a comparable drop of PetCO 2 with increases in symptom intensity smaller than 1. This result suggests the existence of significant individual differences in sensitivity to physiological changes produced by the disruption of arterial CO 2 homeostasis. Individual differences in symptom intensity during voluntary hyperventilation have previously been shown to be related to trait anxiety and anxiety sensitivity [61] . If such psychological traits affect the experience of symptoms during slow paced breathing, hyperventilation may be of particular importance among the population with higher levels of anxiety.
The effects of paced breathing tasks on affective state changed with training. It was hypothesised that training paced breathing is necessary to produce consistent anti-arousal changes in affective state. The results support this hypothesis because the effects of paced breathing on unpleasant arousal appeared during the second and third laboratory measurements and not during the first. Unpleasant arousal is a dimension of affective state that extends from states of high arousal and negative valence (e.g. irritation and nervousness) to states of low arousal and positive valence (e.g. relaxation and calmness [47] ). The task was also perceived as more pleasurable with training. Thus, the present study suggests that training increases the relaxing effects of paced breathing at 0.1 Hz and makes it more pleasurable. Therefore, the lack of effects of paced breathing on affect reported by some previous studies could be caused by the participants' lack of experience with paced breathing [44, 45, 46, 27, 28] .
Multiple mechanisms may be responsible for the improvement of the affective effects of paced breathing with training. Studies have shown that slow paced breathing increases breathing discomfort (dyspnea; [62, 63, 64] ). Mitigation of dyspnea is considered one of the factors determining breathing behavior [65] . Training may allow the optimization of breathing mechanics to decrease dyspnea. The observed increase in pleasantness of the task suggests a decrease of breathing discomfort with training. Changes in affective state may also be a result of the partial automatization of the task. The shift from controlled processing to automatic processes during motor skill acquisition is typically associated with reduced mental effort required to perform a task [66] . This may improve the relaxing properties of slow paced breathing.
The results of the present study has consequences for the generalization of the results of previous studies and for future research on the effects of slow paced breathing. Previous research conducted on untrained individuals presumably failed to show some effects of paced breathing exercises that are experienced by those who perform such exercises regularly. Therefore, future research which aims to examine the effects of slow paced breathing should employ training.
The present study also has consequences for the use of paced breathing as an applied method. Some methods that use slow paced breathing employ anti-hyperventilation instructions [2, 35] . However, the issue of hyperventilation is often overlooked and no anti-hyperventilation instructions are used [17, 33, 38] . Furthermore, paced breathing is currently widely implemented in many mobile applications [20, 21] . For this reason, it is certainly widely used without the assistance of a breathing coach, which increases the risk of hyperventilation. The present study suggests that there exists a relatively large variation in changes in hyperventilation during paced breathing training. Because of individuals who still experience significant drops of PetCO 2 after the training, methods to avoid hyperventilation-such as anti-hyperventilation instructions [28] or, when possible, capnometer biofeedback [36]-should be routinely included as part of paced breathing training and implemented in mobile applications. The present and previous studies suggest that symptoms of hyperventilation can be considered a mild adverse effect during slow paced breathing training. Therefore, effective avoidance of hyperventilation may increase tolerability and adherence to breathing training.
The issue of hyperventilation during paced breathing is of particular importance among chronic hyperventilators. Around 6-10% of the population tend to hyperventilate chronically [67] . This subpopulation can be particularly prone to look for some form of breathing training because of hyperventilation-related dyspnea. Due to low resting arterial CO 2 level, paced breathing without paying attention to hyperventilation may lead to deep hyperventilation with severe symptoms. For the safety of paced breathing training it is important to investigate the effects of paced breathing on hyperventilation in this group.
To sum up, the present study showed that during breathing at 0.1 Hz, even without any anti-hyperventilation instruction, the drop in PetCO 2 decreases with training. However, there was relatively high variability, which indicates that even after training some participants experience a significant drop in PetCO 2 . Paced breathing produced mostly minor increases in hyperventilation symptoms, however some subjects experienced symptoms of medium intensity. Symptom intensity did not change as a result of training. Furthermore, these results indicate that the affective effects of paced breathing improve with training, making paced breathing more relaxing. Unpleasant arousal did not change during the first performance of paced breathing, but it begin to decrease during the second measurement (third day of training). Thus, the present results suggest that both CO 2 homeostasis and the affective effects of paced breathing improve with training.
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